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Veterans and Risk of Heart Disease in the United States: A Cohort with 20 Years of 
Follow Up

Shervin Assari

ABSTRACT

Background: The aim of  the current study was twofold: To 
investigate the effect of  veteran status on risk of  developing 
heart disease over a period of  20 years in the United States and to 
test if  socio‑economic characteristics, chronic conditions, health 
behaviors, body mass index (BMI) and depressive symptoms 
explain the association between veteran status and risk of  heart 
disease.
Methods: Data came from the Health and Retirement Study, a 
20 year national cohort from 1992 to 2012. The study enrolled 
a representative sample of  Americans over the age of  50. We 
included 8,375 individuals who were older than 50 years at entry, 
did not have heart disease at baseline and provided data on heart 
disease over the next 20 years. Veteran status was considered 
to be the independent variable. Self‑reported data on physician 
diagnosis of  heart disease, which was measured on a biannual basis, 
was the outcome. Baseline socio‑economic data (i.e. age, gender, 
race, marital status and education), chronic conditions (diabetes 
and hypertension), health behaviors (i.e. drinking, smoking, 
and exercise), BMI and depressive symptoms (modified Center 
for Epidemiologic Studies Depression Scale) were entered 
into logistic regressions. Logistic regression was used for data 
analysis.
Results: Veterans were at higher risk of  having a new onset of  
heart disease (unadjusted relative risk [RR] = 1.996, 95% confidence 
interval [CI] =1.694‑2.351), compared with non‑veterans. Logistic 
regression confirmed the association between veteran status and 
heart disease (adjusted RR = 1.483, 95% CI = 1.176‑1.871) after 
controlling for all covariates.
Conclusions: Veterans may be at higher risk for heart disease over 
time and this link may be independent of  baseline socio‑economic 
characteristics, chronic medical conditions, health behaviors, BMI 
and depressive symptoms. Veterans may require more rigorous 
cardiovascular prevention programs.
Keywords: Cohort, depression, drinking, exercise, heart disease, 
smoking, veterans
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INTRODUCTION
About 65% of  American men over the age of  

55	have	served	 in	World	War	II	or	other	wars.[1,2] 
Veterans are at higher risk of  poor physical health[3,4] 
and mental health.[5] They also more frequently 
report health compromising behaviors such as 
smoking.[6] The long‑term health outcomes among 
veterans, however, have been less frequently studied. 
As a result, veteran status is being called a “hidden 
variable” in the aging of  older Americans.[1,7]

Although there is some evidence suggesting 
that veterans may be at higher risk for 
cardiovascular disease (CVD),[1,2,7‑12] studies on 
long‑term cardiovascular health of  veterans 
are inconclusive.[1,13] Veterans have higher rates 
of  mental illnesses such as depression[2] and 
post‑traumatic stress disorder (PTSD).[1,7‑10] Both 
depression and PTSD are associated with increased 
CVD risk.[14,15] High prevalence of  mental health 
problems may partially mediate the higher rate of  
CVD among veterans.

Controlling for depression has been shown to 
weaken the association between veteran status and 
heart disease.[2] Race and gender may also influence 
pattern of  CVD risk factors among veterans.[16] 
Although literature has consistently suggested 
that veterans with mental disorders such as PTSD 
are at higher risk of  cardiovascular morbidity and 
mortality,[1,2,7‑10] evidence is lacking about the link 
between veteran status – per se – and CVD.

The aim of  this study was twofold: (1) To test 
if  veterans are at a higher risk of  new onset heart 
disease over 20 years in the United States and (2) 
to test if  the above association is independent of  
socio‑economics,[16] physical health,[3,4] mental 
health,[5] and health compromising behaviors.[6] 
Information on the links between veteran status, 
traditional CVD risk factors and CVD risk is hoped 
to inform efforts to ultimately prevent CVD among 
veterans.[17]

METHODS

Study design and participants
This study used the Health and Retirement 

Study (HRS) data to study the effect of  veteran 
status at year 1992 on the development of  heart 
disease in the United States from 1992 to 2012. 
The HRS is a longitudinal cohort that has enrolled 

a representative sample of  Americans over the 
age of  50. Since its launch in 1992, the study has 
followed the participants for 20 years, and has 
interviewed them every 2 years.

The HRS has collected data about socio‑
economic status, physical health, functioning, 
mental health and health care utilization. The 
University of  Michigan Institutional Review Board 
approved the study. The study design and sampling 
have been described in detail elsewhere.[18,19]

The HRS has been designed to collect 
information on persons from pre‑retirement into 
retirement. The study was intended to provide 
scientists with data to generate more accurate 
models of  the health causes and consequences 
associated with aging and retirement, and also to 
provide policy‑makers with up‑to‑date information 
on disability patterns associated with retirement. 
Thus, the HRS explored the health transitions that 
individuals undergo toward the end of  their work 
lives and in the years that follow.

Participants of  the HRS cohort were comprised 
of  people who were born between 1931 and 1941 
and were 51‑61 years of  age. The first interview took 
place	in	1992.	We	only	included	8,375	individuals	
who did not have heart disease at baseline and had 
data on all waves during the next 20 years.

Interview and measures
Data was collected using face‑to‑face interviews. 

Interviews were conducted within participants’ 
homes. Participants received compensation for 
participating in this study.
Socio‑economic data
We	 used	 data	 on	 race,	 ethnicity,	 age,	 gender,	

education and marital status. The respondent was 
asked	 if 	 they	 consider	 their	 race	 to	 be	White	 or	
Caucasian, Black or African American, American 
Indian, Asian, or something else. Ethnicity 
included Hispanic or Latino.
Depressive symptomatology

A modified nine‑item version of  the Center 
for Epidemiologic Studies Depression Scale 
was used to measure depressive symptoms.[20] 
Participants reported whether during the past 
week they had felt (a) depressed, (b) everything 
was an effort, (c) sleep was restless, (d) happy, (e) 
lonely, (f) that he or she enjoyed life, (g) sad, (h) 
that he or she could not get going and (i) that he 
or she had a lot of  energy. Factor analytic studies 
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have identified the following three subscales for 
this measure: Somatic (items 2, 3, 8 and 9), lack of  
positive affect (items 4 and 6) and dysphoria (items 
1, 5 and 7).[21] A higher score reflects negative 
affect. The measure displays acceptable internal 
consistency (a = 0.80 ‑ 0.83).[22]

Smoking
Two items were used to measure smoking 

behavior at baseline. In the first item, the 
participant was asked if  they have ever smoked 
and in the second item, they were asked if  they 
currently smoked. Using both items, we categorized 
individuals into never smokers, previous smokers 
and current smokers.
Exercise

Three items were used to measure physical 
activity and exercise. Cronbach’s alpha of  the 
measure was 0.792.
Heart disease

Participants reported if  a doctor had ever told them 
that they had any heart conditions including heart 
attacks, angina, congestive heart failure, or coronary 
heart disease (CHD). If  respondents reported “yes” 
in the previous wave of  data and “no” in the current 
wave, their response was coded as “no.”[23]

Statistical analysis
Data were downloaded from the HRS website, 

Institute for Social Research, University of  
Michigan (http://hrsonline.isr.umich.edu/). 
Due to the complex sample design used in the 
HRS, Stata 13.0 (Stata Corp., College Station, 
TX) was used for data analysis. Taylor series 
linearization was used for estimation of  standard 
errors. Thus, the stratified and clustered nature 
of  data, in addition to the non‑response pattern, 
were considered for data analysis. Using weights 
enabled us to provide rates which are generalizable 
to the US population.
We	 used	 six	 logistic	 regressions	 to	 test	

the association between veteran status at 
baseline and risk of  heart disease over 20 years 
among the participants. Veteran status and 
covariates including baseline socio‑economic 
characteristics (i.e. age, gender, race, marital status 
and education), chronic conditions (diabetes and 
hypertension), health behaviors (i.e. drinking, 
smoking and exercise), body mass index (BMI) 
and depressive symptoms were gradually added 
to Models I to VI. Relative risk (RR) with 95% 

confidence intervals (CI) were reported. RR 
greater than 1 shows higher chance of  heart 
disease over 20 years.

Before our modeling, we ruled out possible 
multi‑collinearity between our covariates. Based 
on tolerance value or variance inflation factor, we 
did not find any sign of  multi‑collinearity between 
the predictors.[24]	We	did	not	impute	missing	data	
for this study. P < 0.05 were considered to be 
statistically significant.

RESULTS
As shown in Table 1, most participants 

were	 women	 (54%)	 and	 Whites	 and	
non‑Hispanics (95%). About 8% had high 
depressive symptoms. Nearly 42% were never 
smokers, 38% were past smokers and 19% were 
current smokers. About 68% reported drinking 
alcohol. 42% developed new CHD during the 
20 years of  follow‑up [Table 2].

Model I, which did not control for any covariate, 
suggested that veterans were at higher risk of  new 
CHD during the 20 years of  follow‑up (RR = 1.691, 
95% CI = 1.244‑2.298) [Table 3].

Model II, which controlled for socio‑economic 
characteristics, suggested that veterans had a higher 
rate of  new CHD during the 20 years of  follow‑up 
(RR = 1.481, 95% CI = 1.194‑1.837) [Table 3].

Model III controlled for socio‑demographic data 
and chronic conditions and suggested that veteran 
status was linked to higher risk of  new CHD during 

Table 1: Proportion of socioeconomic status among 
participants

Proportion (SE) 95% CI
Gender

Male 45.49 (0.008) 43.96-47.01
Female 54.51 (0.008) 52.99-56.04

Race
Whites 95.13 (0.005) 94.14-96.12
Blacks 4.87 (0.005) 3.88-5.86

Ethnicity
Non-hispanics 95.42 (0.008) 93.81-97.03
Hispanics 4.58 (0.008) 2.97-6.19

Marital status
Married 98.13 (0.004) 97.38-98.88
Never married 0.29 (0.002) 0.01-0.6
Divorced 1.58 (0.004) 0.86-2.3

SE=Standard error, CI=Confidence interval
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Table 2: Proportion of behaviors, depression and heart 
disease among participants

Proportion (SE) 95% CI
Smoking

Never smoker 42.42 (0.011) 40.15-44.69
Past smoker 38.27 (0.01) 36.21-40.33
Current Smoker 19.31 (0.009) 17.44-21.17

Drinking
No 32.41 (0.014) 29.55-35.28
Yes 67.59 (0.014) 64.72-70.45

Depressive symptoms
Low 92.41 (0.005) 91.43-93.40
High 7.59 (0.005) 6.60-8.57

Incident heart disease
No 57.8 (0.012) 55.38-60.23
Yes 42.2 (0.012) 39.77-44.62

SE=Standard error, CI=Confidence interval

Table 3: Summary of logistic regressions among 
participants (Model I, II, III, and IV)

RR 95% CI P
Model I

Veteran status 1.996 1.694-2.351 <0.001
Model II

Veteran status 1.481 1.194-1.837 <0.001
Black 0.881 0.654-1.185 0.402
Female gender 0.581 0.469-0.720 <0.001
Age 1.03 1.015-1.046 <0.001
Education years 0.988 0.963-1.015 0.379
Marital status 0.002

Never married 4.357 1.002-18.945 0.05
Divorced 2.204 1.294-3.752 0.004

Model III
Veteran status 1.501 1.207-1.865 <0.001
Black 0.794 0.588-1.073 0.133
Female gender 0.626 0.504-0.777 <0.001
Age 1.026 1.010-1.042 0.001
Education years 0.991 0.965-1.017 0.481
Marital status 0.001

Never married 4.914 1.135-21.277 0.033
Divorced 2.306 1.347-3.947 0.002

Diabetes 1.490 1.086-2.046 0.014
Hypertension 1.729 1.461-2.045 <0.001

Model IV
Veteran status 1.505 1.210-1.872 <0.001
Black 0.785 0.581-1.060 0.115
Female gender 0.61 0.490-0.759 <0.001
Age 1.029 1.013-1.045 <0.001
Education years 1.000 0.972-1.028 0.976
Marital status 0.001

Never married 5.043 1.165-21.832 0.03
Divorced 2.272 1.326-3.894 0.003

Diabetes 1.502 1.091-2.067 0.013
Hypertension 1.743 1.472-2.064 <0.001
Smoking 1.289 1.050-1.582 0.015
Drinking 0.963 0.807-1.149 0.677
Exercise 1.095 1.024-1.171 0.008

RR=Relative risk, CI=Confidence interval

20 years of  follow‑up (unadjusted RR = 1.501, 95% 
CI = 1.207‑1.865) [Table 3].

Model IV, which controlled for 
socio‑demographic data, chronic conditions 
and health behaviors suggested that veterans 
have higher risk of  new CHD during the 
20 years of  follow‑up (RR = 1.505, 95% 
CI = 1.210‑1.872) [Table 3].

Model V which controlled for socio‑demographic 
characteristics, chronic conditions, health 
behaviors and BMI suggested that veteran status is 
associated with higher risk of  new CHD during the 
20 years of  follow‑up (adjusted RR = 1.504, 95% 
CI = 1.209‑1.871) [Table 4].

Model VI which controlled for 
socio‑demographics, chronic conditions, health 
behaviors, BMI and depression, suggested that 
veteran status is associated with higher risk of  new 
CHD during the 20 years of  follow‑up (adjusted 
RR = 1.483, 95% CI = 1.176‑1.871) [Table 4].

DISCUSSION
With	 a	 longitudinal	 design,	 the	 current	 study	

showed that veterans are at higher risk of  CVD 
over a period of  20 years. Our study also suggested 
that such link is independent of  socio‑demographic 
characteristics, comorbid conditions, health 
behaviors, BMI and depressive symptoms at 
baseline. Our finding is in line with other studies 
suggesting that veterans may be at an increased risk 
of  CVD.[1,2,7‑12]

Our study suggested that the link between 
veteran status and CVD risk is independent of  
socio‑demographic characteristics, comorbid 
conditions, health behaviors, BMI and depressive 
symptoms at baseline. Veterans have higher rates 
of  mental illnesses such as depression and PTSD, 
which are associated with an increased risk of  
CVD.[14,15] Depression[2] and PTSD[1,7‑10] have been 
suggested to be factors that may partially explain 
the higher rate of  CVD among veterans.
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cardiovascular ailments.[10] There are studies 
suggesting that controlling for depression may 
weaken the association between veteran status and 
heart disease.[2]

Race and gender may complicate the link 
between veteran status and CVD risk and risk 
factors.[16] Although most previous studies have 
reported that a specific group of  veterans (those 
with mental disorders such as PTSD) are at 
higher risk of  cardiovascular morbidity and 
mortality,[1,2,7‑10] the current study suggests that 
veteran status – per se – may be a risk factor for CVD.

This study showed that depressive symptoms 
also predict future heart disease. Prospective 
studies have consistently suggested that negative 
affect predicts CAD.[25‑29] Depression has been 
reported to be associated with CAD morbidity 
and mortality, even after controlling for traditional 
CAD risk factors, such as cholesterol level, blood 
pressure and smoking.[27,30,31] Although multiple 
behavioral pathways have been proposed to explain 
the mechanism by which depression may be linked 
to the development and progression of  CAD,[32,33] 
our study suggests that the link between depression 
and CAD may be independent of  smoking, exercise 
and BMI.

Findings of  the current study may have 
important clinical or public health implications. 
The results can be used for primary prevention of  
heart disease among veterans in the United States. 
One	of 	five	older	adults	in	the	US	(aged	≥65	years)	
has CAD.[34,35] Future studies should investigate 
if  interventions targeted at veterans will reduce 
morbidity and mortality associated with CAD in 
the general population or not.
We	 suggest	 that	 veterans	with	 high	BMI,	 those	

who smoke, have high depressive symptoms and 
have diabetes and hypertension but have not yet 
developed heart disease should receive interventions 
for prevention of  heart disease. Based on our findings, 
independent of  traditional CVD risk factors, veterans 
should be considered as a high‑risk population for 
CVD and should receive targeted interventions to 
reduce their risk of  heart disease. Understanding 
the link between veteran status, traditional CVD risk 
factors and CVD risk may need further research, and 
the information provided may collectively reduce the 
burden of  CVD among veterans.[17]

The current study had a few limitations. First, the 
study did not use time to event analysis. Use of  Cox 

The link between veteran status and heart disease 
was above and beyond depressive symptoms. 
Vietnam veterans with PTSD have been shown to be 
more likely to have physician‑diagnosed circulatory 
diseases and abnormal electrocardiograph results 
nearly 20 years after military service.[7,8] Vietnam 
veterans with PTSD are also more likely to die 
from cardiovascular‑related diseases 30 years 
after military service.[1]	 Studies	 involving	 World	
War	 II	 and	 Korean	 War	 veterans	 have	 also	
reported higher rates of  physician‑diagnosed CVD 
among veterans who suffer from PTSD.[9] Among 
US	 Civil	 War	 veterans,	 exposure	 to	 war	 trauma	
has been positively associated with post‑service 

Table 4: Summary of logistic regressions among 
participants (Model V and Model VI)

RR 95% CI P
Model V

Veteran status 1.504 1.209-1.871 <0.001
Black 0.744 0.550-1.007 0.056
Female gender 0.623 0.500-0.775 <0.001
Age 1.03 1.014-1.046 <0.001
Education years 1.003 0.976-1.031 0.818
Marital status 0.001

Never married 5.51 1.268-23.949 0.023
Divorced 2.301 1.341-3.947 0.002

Diabetes 1.422 1.031-1.962 0.032
Hypertension 1.645 1.384-1.954 <0.001
Smoking 1.339 1.090-1.647 0.006
Drinking 0.973 0.815-1.161 0.758
Exercise 1.077 1.006-1.152 0.032
BMI 1.032 1.013-1.051 0.001

Model VI
Veteran status 1.483 1.176-1.871 0.001
Black 0.723 0.525-0.995 0.047
Female gender 0.587 0.465-0.740 <0.001
Age 1.035 1.019-1.052 <0.001
Education years 1.01 0.980-1.040 0.517
Marital status 0.001

Never married 5.982 1.369-26.136 0.017
Divorced 2.429 1.364-4.325 0.003

Diabetes 1.451 1.042-2.021 0.028
Hypertension 1.599 1.335-1.915 <0.001
Smoking 1.461 1.177-1.814 0.001
Drinking 1 0.831-1.205 0.996
Exercise 1.059 0.986-1.138 0.118
BMI 1.034 1.014-1.054 0.001
Depression 1.084 1.027-1.143 0.003

RR=Relative risk, BMI=Body mass index, 
CI=Confidence interval
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regression and survival analysis could provide more 
information on differences in timing of  development 
of  CVD across veterans and non‑veterans. In 
addition, the study used self‑reported physician 
diagnosis of  CVD as outcome. Although this 
outcome is valid, evaluation of  heart disease could 
result in more accurate results. Furthermore, the 
study measured depressive symptoms, not clinical 
disorder for major depressive disorder. Finally, the 
study only controlled for baseline confounders. As 
socio‑economic status, CVD risk factors, BMI and 
health behaviors such as smoking are subjected to 
change over time, future research can benefit from 
conceptualizing these confounders or mediators as 
time‑varying covariates.

CONCLUSIONS
Among individuals older than 50 in the United 

States, veterans are at a higher risk of  heart 
disease over the span of  20 years. This risk seem 
to be independent of  baseline socio‑economic 
characteristics, chronic medical conditions, health 
behaviors, BMI and depressive symptoms.
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Announcement

iPhone App

A free application to browse and search the journal’s content is now available for iPhone/iPad. 
The application provides “Table of Contents” of the latest issues, which are stored on the device 
for future offline browsing. Internet connection is required to access the back issues and search 
facility. The application is Compatible with iPhone, iPod touch, and iPad and Requires iOS 3.1 or 
later. The application can be downloaded from http://itunes.apple.com/us/app/medknow-journals/
id458064375?ls=1&mt=8. For suggestions and comments do write back to us.


